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Introduction
The economic consequences of an improvement in health are widely assumed to be beneficial, but empirical estimates . of these benefits are arguably biased by errors in measurement. simultaneity of health and earnings, omitted variables, and health heterogeneity (Lee, 1982; Bartel and Taubman, 1986; Mitchell and Butler, 1986; Strauss, 1986; Deolalikar, 1988, Thomas and Strauss, 1996) . This paper implements methods for estimating, without bias (conditional on measurement error being random and instruments being valid), the effect of adult morbidity on labor productivity in two countries of West Africa. Evidence for the association of morbidity with labor supply and annual earnings is also reported. This assessment is arguably a lower bound on the personal welfare losses caused by poor adult health, because it neglects the private pain and suffering of the sick and the welfare losses imposed on kith and kin.
The connection between mortality and morbidity is reviewed in Section 2. A conceptual framework for studying the statistical determinants and consequences of adult health is presented in Section 3.
1 Measures of disability from contemporary household surveys of Cote d1voire and Ghana are described in Section 4. Estimates of the effects of disability on wage, hours, and earnings functions are reported in Section 5. Section 6 reviews the findings and indicates where more research on this subject would be useful.
Measurement of Morbidity and its Relation to Mortality
The difference between life expectancy at birth in low-and high-income countries has narrowed ma~kedly from 1950 to 1990 from roughly 24 years to 12 years (Omran, 1971; Preston, 1980; United Nations 1991; Schultz, 1995) . The underlying reduction in mortality in this period is attributed to the control of infectious and parasitic diseases and improvements in nutrition. Reductions in morbidity in the world's low-income populations might also be expected, if mortality and morbidity were determined by similar social, economic, and technical factors. But there appears to be less agreement on -· __ , .. _ Decreases in age-specific ·mortality can contribute to increases in morbidity, if the increases in longevity allow a disproportionate share of the less healthy to survive (e.g., Pearson, 1887; Riley, 1990) . Time series data from preindustrial populations suggest that an inverse relationship can be found between mortality and subsequent morbidity as suggested by this "population heterogeneity"
hypothesis (Alters and Riley, 1989) . In contemporary high-income societies, medical technologies are also available to extend life, without necessarily increasing the quality or disability-free length of life (Crimmins et al., 1989) . Morbidity in low-income countries today is rarely studied in conjunction with mortality and socioeconomic conditions, because there is little agreement on how to reliably measure adult health .
Self-reported morbidity or health status may be subjectively affected by an individual's social and cultural background given his or her objective clinical health. This "cultural conditioning" provides an alternative explanation for why self-reported morbidity rates could increase while the expected length of life increases. The cultural conditioning hypothesis emphasizes that the threshold of what is considered "good" health varies systematically across a society; individuals from more educated, wealthy, and socially advanced groups have a heightened sensitivity to the limitations imposed on them by their health status. They will therefore have an increased propensity to report themselves and their family as being ill or in poor health, holding constant for their objective or clinically confirmed health status.
According to this view, self-reported morbidity may not be an appropriate guide for the design of public health policy. The relevance of clinical morbidity is not denied, but subjective self reporting of health should be used with caution (Johansson, 1991; Caldwell et al., 1990) . How then can adult health be studied in low-income countries?
3
Issues and Tradeoffs in the Measurement of Morbidity
The epidemiological measurement of morbidity has two objectives. First, what self-reported questions on health status reliably replicate the distribution of clinically confirmed indicators of health status?
2 Second, what self-reported indicators of health status have the greatest ''power" to test statistically hypotheses about the relationships between health status and outcomes? If these two objectives conflict, how is the trade-off to be adjudicated? Moreover, most measurement studies of morbidity are based on high-income countries and focused on chronic disabilities among the elderly. The problems of measurement of acute spells of morbidity among labor-force-aged adults in low-income countries may differ from morbidity among the elderly in high-income countries who exhibit chronic disabilities brought on often by degenerative diseases. Research is consequently needed to design adult health status questions to evaluate health conditions and welfare policies in developing countries (Kroeger, 1985; Palloni, 1990; .
Self-reported functional activity limitations are more reliable indicators of clinically confirmed health status when they relate to more specific functional activity limitations, 3 rather than more general role activity limitations (Steward et al., 1987) . On the other hand, the statistical ''power" to test hypotheses is higher if measures of functional limitation relate to a more common occurrence, such as inability to climb stairs, rather than a rarer limitation, such as inability to walk (Rogers et al., 1979) .
This suggests that a more common functional activity limitation may be preferred for statistical modeling, whereas preference for replicability may lead to studying rarer and more restricted limitations.
In the Living Standard Measurement Surveys of Cote d'Ivoire and Ghana, which are analyzed in this paper, the health module (4Ql) asks "Have you had any illness or injury during the past four weeks?" This is followed up, if answered affirmatively, by an inquiry of "How many days during the past four weeks did you suffer from this illness or injury?" Then the respondent is asked "For how many days during the past four weeks were you unable to carry on your usual activities because of this illness or injury?" The duration of illn~ in the last four weeks is assumed to contain more information about health status than merely the occurrence (binary) of such an event
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Illn~ is considered here only if it is severe enough to prevent the individual from engaging in "usual" activities. If the tasks undertaken or routines carried out may be voluntarily adapted to an individual's current physical health limitations, the threshold of a disabling illn~ is more elastic and presumably measured with less precision (see Pitt et al., 1990) . For certain groups of workers, the distinction between a disabling and a nondisabling illness may· be less a· matter of their own choice, and analysis of this group might provide a more accurate appraisal of the consequences of poor adult health.
It has long been noted that labor market institutions can !lffect the incentives for reporting disabling illness, and complicate the task of interpreting disability data (Brundage, 1930) . We do not have piece-rate and time-rate wages on workers to implement Foster and Rosenzweig's (1993, 1994) approach to moral hazard and monitoring the productivity of workers with regard to their nutritional/health status. Information on the reduced productivity of the self employed who are ill is known to the self employed, but cannot be readily inferred by the researcher. Self employed and family workers are more likely to be able to vary the nature and intensity of their work to accommodate whatever burden of disabling illn~ they experience without halting work altogether. What they decide to report as a disabling illn~ is therefore subject to more uncertainty. Employer's of time-rate wage workers can learn the health-status and productivity of their workers only through costly monitoring, or by paying an efficiency-wage premium that makes job loss a credible threat, if the worker is caught concealing a disabling illness. Moreover, if tasks of wage workers are interdependent, such that the depressed productivity of one sick worker lowers the output of other workers, e.g., on the assembly line, the employer has an added incentive to curb this form of shirking. We hypothesize, therefore, that disabling illnesses will be reported with l~ error and be less subjectively biased in the case of wage workers than self employed, although of course the problem of measurement error is not likely to be erradicated even among wage workers .
In addition, hourly earnings or a wage rate cannot be measured as confidently for self-employed as for wage earners, and cannot be measured at all for family workers (Vijverberg, 1988) . Since both the disability and,wage variables in our model are poorly measured or unobserved for many selfemployed in family enterprises and home production workers, who together constitute the majority of the population in these countries, only wage earners and separate self-employed for whom a wage could be determined are used to estimate the wage function. This procedure is expected to introduce sample selection bias and will be assessed accordingly (van der Gaag and Vijverberg, 1987) .
There are, of course, many dimensions to health which we have been unable to incorporate. For example, Thomas and Strauss (1996) estimate in a large sample of urban Brazil the impact on wages of height, body mass index, calorie and protein intakes, treating all but height as endogenous and identified by relative food prices. Schultz (1994) , moreover, finds that even the exogeneity of height in the wage function can be rejected, identified by relative food prices and health infrastructure. Our omission of other possible indicators of health could overestimate the wage impact of illness as measured, days disabled, if it were positively correlated with the other omitted dimensions of poor health that were also depressing wages. The contribution of this paper is to investigate a different dimension of health status that is not strictly based on nutrition, the number of days of acute disabling illness in the prior four-week reference period, and treat the duration of this illness ~s endogenous and identified by relative food prices and local health infrastructure.
A Model of Health Production and Productivity
Current health status is produced over a lifetime starting with preventive investments of parents in nutrition and disease-reducing interventions for their children, through to current medical care to reduce the severity and duration of current acute and chronic illnesses. These health inputs, I, and heterogenous health endowments of the individual, G, that are not affected by family or individual behavior, combine to determine the individual's current health status, h*:
where e 1 , is an error in this health production function (Rosenzweig and Schultz, 1983) . Since the · indicator of current health is self-reported, h, it may diverge from actual health by a measurement error, e:
where e is ~ed to be a random variable that is uncorrelated with the other determinants of health or modeled forms of behavior.
The individual maximizes a single period utility function over a lifetime, where value is assigned to current health, h*, nonhealth related consumption bundle, C, and annual time allocated to nonwage
(3) is maximized subject to the constraints of the money budget, time, and health production function
(1):
where Y is real income, P's are relative market prices, W is the market wage rate, V is current annual household wealth income, PE are transfers from parent endowments. Tis tOtal available time, and H 1 is wage work per year. If utility were time separable, this framework could be reformulated to several periods without changing our results.
The individual's wage per hour of work is related to health status, acquired skills such as education, E, and changes in endowments associated with aging, summarized by Mincer (1974) as a quadratic in years of postschooling experience, X, (defined as age-schooling-seven), and other unobserved forms of human capital transfers that are proxied by parent education and occupation:
The wage function is identified by the exclusion of wealth, V, and community health and relative price 7 variables, P 1 and Pc· Current health may exert several effects on labor supply, through income and substitution effects associated with its impact on wages in (5), and by changing the disutility of wage relative to nonwage activities, i.e., it may be more painful for a sick person to perform wage work than non-wage activities. 8 Labor supply can be viewed as a choice that is conditioned on all lifecycle endowments, prior prices, wages, and experiences, in which case the effects of adult health on labor supply are not identified. To estimate the effects of health on labor supply, identification is achieved here by assuming that the community health and food price variables affect labor supply only through their effect on current health status, but we allow parent education and occupation to affect labor supply, directly through unobservable transfers of human capital and gifts:
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Similarly, subject to the same identifying restrictions, an estimate of the total effect of current disability on earning can be obtained using:
It is not possible to estimate here the health production function (1) because many potentially relevant health inputs that cumulate over an adult life are unobserved along with their relevant prices needed to consistently estimate the health production function. The unobserved individual health endowment that is captured in the error is likely to be correlated with health input demands, i.e., cov(/, e 1 ) * 0 (Rosenzweig and Schultz, 1983) . This paper reports estimates of the wage (5), hours (6), and earnings (7) equations conditional on disability days. It is expected that the errors in these three equations, e 2 , e 3 , e 4 , will be correlated with that in the health production function, E 1 , because of unobserved variables, and reverse causality of income increasing health inputs. Errors in measuring current health status, particularly by a self-reported variable, may also possibly downward bias the estimated effects of health on productivity in equations (5), (6) Control variables are also included in the wage, hours and earnings equations for the individual's education, postschool experience, parent education and occupation, region of residence, distance to market, rainfall, and interactions -between the time of year that the survey was collected (whether it was during or immediately after the two rainfalls that contribute to a resurgence of malaria) and the local severity of the malaria health problem.
Regional and seasonal dummy variables are expected to capture some of the effect of nutritional variation on productivity (Behrman and Deolalikar, 1989 (Sarris and Shams, 1991) .
Because W, H 1 and WH 1 are only observed when the individual participates as a wage earner or separately self employed, P = 1, a probit model is assumed to determine the sample selection rule:
where E 5 is normally distributed.
Household wealth, V, is a variable, suggested by economic theory, that is expected to raise the individual's reservation wage and thereby reduce the probability of working as a wage earner. However, in this case, wealth is assumed exogenous to wage offers. Wealth may be accumulated from the individual's own savings, which could then be a positive function of wages. In this case, wealth might be expected to be positively associated with labor supply and e 5 . The household wealth variable is excluded from equation (5), but included in the equations (6), (7), and in the probit equation (8). Joint maximum likelihood methods are used for estimation (Heckman, 1979; Greene, 1981) and wealth is negatively associated with the wage earner probit as expected if it were exogenous. ·
Two features of this framework should be noted. The first is the simultaneous equation approach to estimating the effect of morbidity on productivity. The estimation of a wage equation that includes measures of health status, h, will therefore be biased by the feedback effect of income on health, probably overstating the one-way effect of health on productivity. Local prices of food were used by Strauss (1986) as instrumental variables for calorie consumption by family labor in a family farm production function. Errors in measurement of morbidity is a second reason for using instrumental variables where the identifying instruments are local relative prices of food, local climate, health infrastructure, and disease environment, and the time costs required to obtain medical care. Because a nonlinear effect of morbidity or health on productivity is expected, a quadratic function in days disa~led is estimated.
The second feature of this framework is that it provides a method to decompose the impact of health on wages and hours. The primary payoff to health investments is to raise the marginal productivity of people. However, it is widely observed, at least for full-time male participants, that wage increases tend to be associated with decreases in their hours of work per year (Pencavel, 1986) . If the wealth effect associated with wage changes on labor supply is also negative in low-income settings (Schultz, 1981) , the gross effect of health on annual earnings underestimates the gain in productive potential associated with an improvement in health. The measure of market wage gain due to health used here neglects the increase in leisure or home production that healthier, full-time workers are likely to consume.
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In addition, the entry of persons into wage earning activities may be affected by their expected morbidity. There is no a priori reason to assume a healthier worker is more productive in a wage job than in family or self employment 
Morbidity in Cote d'Ivoire and Ghana

West African Health Conditions
The World Bank (1993) presents measrires of global burden of disease in terms of disabilityadjusted life years (DALY s) lost which combines the loss of life from premature death with the loss of healthy life from disability. Among the regions of the world, in 1990, the DALYs lost per 1,000 population were highest in the sub-Saharan Africa region due mostly to infectious and parasitic diseases where malaria, respiratory infections and diarrheal diseases ranked the highest, in this order.
With regards to the age pattern, after declining from very high childhood levels, the DALY s loss reached a peak in the 15-44 age group for both men and women, suggesting the need to analyze the causes and consequences of prime age adult morbidities.
- Morrow (1984) and GHAPT (1981) Malaria, pneumonia, and bronchitis are major, readily identifiable, causes of death as well as morbidity, and tuberculosis claims about half to a quarter as many lives as does malaria or pneumonia, according to Patterson (1981) .
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There are even fewer estimates for Cote d'Ivoire ranking diseases and health conditions as a cause of death, illness or disability. Measles, diarrhea, pneumonia, malaria, tetanus, pertussis and meningitis are reported in this order as the most frequent causes of death in the first month of life in the Boundiali region of Cote d'Ivoire in 1981-82 (Sokal et al., 1988) . Doctors and individuals are required to register certain illnesses in Cote d'Ivoire, and in 1980 the most frequent of these registered diseases was treponematoses (a spirochete), followed by measles, onchocerciasis, schistosomiasis, leprosy, and tuberculosis, whereas malaria, which is hyperendemic and widely regarded to be the most serious disease throughout West Africa, is not an illness for which registration is required (Remy, 1988, p. 71 ).
The information on major causes of adult morbidity is more limited, with much of the effort of preventive health channeled into care of children and expectant mothers in an effort to reduce the rela-·· tively high levels of infant, childhood,· and maternal mortality. Malaria is not only a common cause of childhood mortality, but also of pregnancy wastage and adult morbidity, as it manifests itself in recurring, disabling bouts of high fever.
Prevalence of Morbidity in Cote d'Ivoire and Ghana
In this section indicators of morbidity and disability in Ghana and Cote d1voire are reported, as (Ainsworth and Munoz, 1986) . The percentage ill and injured in the last four weeks falls from about a quarter in the preschool age group to a sixth for boys and girls age 5 to 14, and then rises to about one fifth for women and men 15 to 39. Among those over age 39, the proportion having been ill or injured is substantially higher, or about two-fifths. The average number of days ill is 2.2 and 2.5 for females and males 0-4, 1.2 and 1.6 for age 5-14, 1.6 and 2.2 for age 15-39, and 6.1 for both sexes age 40 and more. Approximately half of the days that lvorians report ill are cl~ified by them as sufficiently severe to preclude them from engaging in "usual" activities, i.e., work in the labor force, home, or in school (Schultz and Tansel, 1992 , Table 1 ).
We combined the two years of the LSMS from Ghana for 1987-88 and 1988-89, for a sample of about 30,000 persons (Glewwe, 1987) . Reinterviewed respondents could not be eliminated in Ghana, · because the individual codes were not retained to match persons. The proportions of the Ghanaian population reporting an illness or injury in the last four weeks is somewhat higher than in Cote d1voire, in all age groups, or 30 to 40 percent The age pattern is similar in the two countries, declining from an elevated level in infancy to a low for school-aged children, rising sharply only after middle age. Individuals in Ghana also report that in about half of their ill days they were unable to engage in their usual activities. Differences between men and women in reported morbidity are not salient, although in both countries the incidence of morbidity for women exceeds that for men during the childbearing years, age 15 to 39. Differences in mortality between men and women are not a notable feature of the few life tables available for sub-Saharan African populations (United Nations, 1982; Waldron, 1983; Timaeus, 1993) .
13 Tables 1 and 2 compare the estimated morbidity for segments of the two populations for which mortality rates are often noted to differ. Urban areas tend to report lower mortality, more educated mothers have lower family mortality, and when it can be estimated, more educated adults have lower mortality risks. Tables 1 and 2 tabulate the average days disabled for all persons and only for wage earners for Cote d1voire and Ghana, by sex, age, rural/urban areas, and education.
Morbidity is generally higher in rural than in urban areas, and increases sharply for older individuals in rural areas. Among persons with at least a primary education, morbidity tends to decline with further education, although the small numbers in the samples of more educated persons (see cell sizes in parentheses), particularly at older ages in rural areas, add to sampling variability. The "cultural conditioning" hypothesis (Johansson, 1991) that would lead one to expect higher morbidity among urban, more educated elites does not receive support from these data although there are several cases where some primary schooling is associated with higher morbidity than for those with no schooling (e.g., Cote d1voire males age . Within the wage earner subsample (lower panels Tables 1 and   2 ) there is no tendency for the more educated to report more disabled days, as we expected, perhaps due to the different contractual incentives associated with wage versus self employment (Schultz and Tansel, 1992) .
Multiple regression is then used to summarize the patterns of disabled days in Tables 1 and 2 , 
Source: Ghana Living Standard Survey, 1987 Survey, -1989 (the first year and one-half). Totals do not add up to those in is then eliminated by restricting the analysis to wage earners. There may, of course, still be a subjective reporting bias in the morbidity data even for wage earners (see Sindelar and Thomas, 1991 ).
14 The fraction of adults whose primary employment is for wages is relatively small in these two populations, however. Only 4.1 percent of the women in Cote d'Ivoire and 7.5 percent in Ghana are wage earners, whereas for men about one in four or five are wage earners. Any analysis of the effect of morbidity on wage productivity for West African women must rely on a relatively small, and potentially unrepresentative, sample. The following analysis of morbidity and wage rates, hours, and earnings is consequently limited to men. Estimates for the smaller samples of women are reported in Schultz and Tansel (1992) .
Estimation ·of the Effects of Health in Wage and Labor Supply Functions
The empirical specification of the model for estimating the impact of disabled days on wages, hours, and earnings involves four distinct issues. First, what exogenous variables are determinants of "disabled days"? Individual characteristics (education, postschooling experience), assets, parent characteristics, community relative (food) prices, regional residence and climate characteristics, and community health conditions are all included as potential determinants of days disabled. It is assumed that current residence is exogenous, and therefore community characteristics are uncorrelated with the errors in the health and wage functions. There are two possible reasons for this assumption to be invalid. Individuals may migrate to regions that have preferred characteristics, imparting a systematic association between tastes and local characteristics (Schultz, 1988) . The placement of public programs could also be guided by the health endowments of a region or its population, and thus not be independent of the health or wage that would otherwise be observed (Rosenzweig and Wolpin, 1986) . We are unable to treat migration and program placement as endogenous, and doubt that this is the most serious problem in understanding the effects of health on adult productivity.
Second, which of these health status determinants can be excluded from the wage, hours, and earnings equations to permit identification. Assets, community (food) prices and health infrastructure are excluded from the wage equation whereas only the community prices and health conditions are excluded from the hours and earnings equations. 
Data and Variab/,e Definitions
The means and standard deviations of all variables are reported in Appendix Table A-1 for all males, wage earners plus self-employed for whom wages could be determined, and wage earners. In both countries the majority of the population live in the southern and rainy areas, while wage earners are disproportionately concentrated in urban areas. Indeed, the majority of wage earners in COte d1voire reside in the capital, Abidjan, while about a third in Ghana live in Accra.
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Wage rates are inclusive of payments in kind. They are first deflated for regional price differences, in particular, for the capitol cities versus other areas. Then, since the surveys are collected over two to three years, the wages reported by the respondent are further adjusted for the national price level during the month of the survey.
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The productivity effects of adult morbidity, may not be semi-log linear as with schooling years in the wage equation. Figure 1 illustrates that wage earners report different numbers of disabled days, and yet a considerable majority have no disabled days in the reference period. To test for deviations from the linear specification, we assess the incremental explanatory contribution of including the squared value of disabled days in the wage equation.
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Empirical Findings Table 3 reports the ordinary least squares estimates of disabled days and disabled days squared.
They are estimated from only the sample of wage earners, to mitigate problems of self reporting of health status among the self employed and family workers. Disabled days are also estimated with the wage earner sample selection corrected (not shown). The coefficient on Lambda in Heckman's (1979) two-stage estimation procedure was insignificant Although the joint significance test of the community health variables imply that the selection model is empirically identified, the sample selection bias is unimportant for predicting disabled days from the wage earner sample. Nonetheless, the selection corrected estimates are retained and used to assess the robustness of the productivity equation estimates to variations in model specification.
The productivity estimates summarized in Table 4 (linear) and 5 (quadratic) are based on the expanded sample of male workers age 15-65 for whom hourly earnings could be calculated, corrected for potential sample-selection bias. Only the coefficients on disabled days are reported. In panel 1 the • • 
Female Self Employed
::: I 
9.15 11.7
• Correlation between the errors of the probit sample selection equation for workers and the productivity equation, estimated jointly by maximum likelihood methods. b Wald test of the restriction of the coefficients on the assets and prices to zero in the worker probit that is estimated jointly by maximum likelihood with the wage equation. In the hours and earnings equation, the Waid test is reported only for prices which identify the worker probit. The Wald test is distributed as a Chi-squared statistic with the degrees of freedom reported in parentheses. c The Hausman test is based on absolute value oft statistic on the coefficient for the residual of disabled days, when the actual value is included, in the relevant equation, based on either the OLS or Heckman sample selection-corrected estimates of disability days, as reported in Table 3 . The Heckman first stage estimates are available from the authors. maximum likelihood estimates are based on the actual reported values of disabled days and corrected for the potential unrepresentativeness of the sample of workers. In all three panel estimates for three measures of productivity in the two countries the Wald test is highly significant, which implies empirical identification of the selection model. The statistical significance of the estimate of rho suggests that sample selection bias is serious for Ghana but not for Cote d'Ivoire. To maintain comparability for the two countries, only the maximum likelihood estimates of the productivity equations are reported that correct for sample selection.
Estimates in Table 4 , panel 1, suggest wage effects, but modest hours and earnings effects which are significant only in Cote d'Ivoire. These estimates may be biased due to measurement error and simultaneity, and may be particularly unreliable for self employed. The exogeneity of disabled days is therefore tested and generally rejected in panels 2 and 3, based on the Hausman (1978) test Consequently, the second and third panels report the instrumental variable {IV) estimates of the coefficients on disabled days in the productivity equations which are free of bias due to random measurement error, simultaneity and heterogeneity. In panel 2 the predicted disabled days are obtained from the auxiliary equations in Table 3 . 19 In panel 3 the predicted disabled days is obtained from an auxiliary equation (not shown) corrected for wage earner sample selection. Panels 1, 2, and 3 of Table   7 are otherwise similarly estimated.
The Table 4 , panel 2 linear estimates indicate that wages are 10.5 percent lower for each disabled day in Cote d'Ivoire and 11.7 percent lower in Ghana. The effect of disabled days on hours, although not estimated precisely, suggest a 3 percent reduction in hours for each disabled day. The linear effects of disabled days on earnings are significant and lie between the estimates on wages and hours.
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In Table 4 , panel 3 the estimated effects of disabled days are generally similar to those obtained from the IV estimates in panel 2 for Cote d'Ivoire, but in Ghana the effect on wages decreases and the effects on hours and earnings increase.
In all estimates of the productivity equations in Table 5 the squared term in disabled days were statistically significant The derivative of the estimated quadratic function is evaluated at the sample mean of the predicted values of disabled days for the worker sample (Cf. Hausman (1978) tests for the exogeneity of the quadratic form of disabled days reported in panels 2 and 3 show that the exogeneity of disabled days can be generally rejected.
The preferred IV estimates in panel 2 Table 5 imply that a disabled day is associated with 33 and 
Evidence of Systematic Measurement Error
If the measurement error in self-reported health status, proxied by disabled days, is not random but correlated with determinants of productivity, the IV estimates of the productive returns to adult health could be biased. According to the "cultural conditioning" hypothesis (Johansson, 1991) discussed in section 2, education is one characteristic of the worker that leads to a systematic overstatement of his bad health. If this were a problem, we would expect a positive coefficient in the productivity functions on an interaction variable between the years of schooling and disability days.
This interaction variable predicted by an auxiliary equation parallel to those reported in Table 3 was therefore added to the panel 2 model in Tables 4 and 5 . In Cote d'Ivoire the interaction variable (not reported) is not statistically significant, whereas in. Ghana. it is significant at the 5 percent level, but only in the wage equation with an unexpected negative sign. More educated workers experience a greater loss in wage-productivity from their predicted disabled days than less educated workers. This limited test of the cultural conditioning hypothesis does not support the view that the productivity enhancing effect of good health is systematically understated by better educated workers, providing us more confidence in assuming the measurement error is random among wage earners and our estimates are unbiased.
Conclusions
Life expectancy at birth is lower in Africa than on any other continent, and the burden of disabling acute and chronic health conditions is undoubtedly as heavy in Africa as it is anywhere. This study has proposed an empirical approach for evaluating the disabling burden of poor health as it reduces the productivity of labor per hour worked and erodes the capacity of workers to labor longer hours. Two measurement issues have been addressed. The first is that health may affect the productivity of the worker, but productivity provides the resources to invest in better nutrition and health care, and hence to produce better health (Strauss, 1986) . The production of health and the effect of health on productivity must, therefore, be viewed in a simultaneous-equation framework.
In addition, measurement error due to self-reporting of health status may be a serious source of parameter bias. Ashenfelter and Krueger (1994) , and many others (e.g., Griliches, 1977) have found measurement error to be an important source of downward bias in estimating returns to human capital from wage relations. Recent investigations of self-reported and clinically-performed health evaluations show that persistent differences occur between these two kinds of health status measures for the same individuals {Idler and Angel, 1990) . Some studies have found that self-reported health status predicts subsequent mortality better than do clinical examinations (Idler, 1991; Idler and Kasi, 1991) . Regardless of whether self reports or clinical measures of health status are better predictors of worker productivity, both are likely to be subject to measurement error and require special forms of analysis. The distinctly lower cost of self-reported survey data than clinical data should predispose health economists to examine carefully the strengths and shortcomings of health status questions in surveys in low-income countries. The information content of responses to such questions as ''how many days were you sick and unable to perform your usual activity" may be enhanced by selecting for analysis a sample of wage earners for whom the reporting of acute health disabilities may reflect a balancing of costs and benefits.
It is anticipated that simultaneous equation bias would lead to an overestimate by ordinary least squares of the effect of morbidity in a wage function, whereas classical errors-in-variables would introduce bias in the opposite direction. Because the two sources of bias in OLS estimates are offsetting to some degree, the direction of the net bias of an OLS estimate of the coefficient on the morbidity variable in a wage function cannot be deduced a priori (Cf. Griliches, 1977) .
From Table 5 the derivative of log wages with respect to actual (OLS) disabled days (panel 1) are much lower than the corresponding IV estimates (panel 2) in both countries. This is also noted in the labor supply equations. In both cases the OLS estimates appear to be biased toward zero, presumably due to the greater importance of measurement error compared with the hypothesized simultaneous equation bias. Past OLS studies of adult health effects on worker productivity may therefore have underestimated the impact of adult health.
To study the empirical consequences of health for labor productivity requires appropriate instruments that account for a sufficient fraction of the variation in morbidity but are independent of individual's preferences and exogenous to (unobserved) health endowments or regional constraints.
Variation across communities in the time and money prices of food and health care, and local health and transportation infrastructure are the instruments used in this study to help explain health status and 28 identify the model.
The framework provides an empirical check on the endogeneity of disabled days in the relationship between health and productivity. Conditional on the identification of our health and wage/hours/earnings model, the disability variables are tested for their exogeneity and rejected in both linear and quadratic forms. But the results provide little guidance on how public health or social welfare interventions might cost-effectively reduce morbidity and thereby increase labor productivity.
Finding policy instruments that are effective in improving health status is always difficult, and in lowincome settings, such as West Africa, where the effectiveness of the existing health care systems is sometimes in doubt, the empirical challenge is daunting.
Another issue explored in this paper is how meaningful responses about adult health status are elicited (e.g., Butler et al., 1987) . Self-reported health status is subjective and may well be modified by modernization and the respondent's education and, therefore, may not always be a satisfactory metric of morbidity across a society or over time (Johansson, 1991) . In response to this concern, days of activity limitation were examined from parallel LSMS household surveys collected in Cote d'Ivoire and Ghana in the late 1980s. About a fifth of all persons report an activity limitation in the last four weeks. On average, one day in those four weeks is lost to work because of their illness. It was argued that wage earners would be more disciplined by labor market institutions into accurately reporting "disabled days" than would self employed or family unpaid workers, because of the wageemployment contract, and the cost of information and monitoring output To improve the estimation of the relationship between labor productivity and reported activity limitation, the number of disabled days are instrumentally predicted only for wage earners.
The size of the working sample is sharply reduced when the sample is restricted to those who hold a wage job or are self employed for whom wages and hours could be determined, by 66 percent in Cote d'Ivoire and 33 percent in Ghana. 21 Consequently, a probit function is specified to explain who is in the "worker" sample, which is estimated jointly by maximum likelihood methods with the wage, labor supply, or earnings equations (Heckman, 1979; Greene, 1981) . Although the sample selection correction equations appear to be reasonably identified by exclusion restrictions, where wealth variables have the expected effect of significantly reducing the likelihood that a man is a worker, this correction procedure does not systematically change the estimated effect of morbidity on worker productivity or labor supply, as can be seen by comparing the estimates in panels 2 and 3 in Tables 4 and 5 .
Larger samples of wage and self-employed workers, longitudinal data, and more focused questionnaires2 2 might yield more precise estimates of the effects of adult morbidity on wage rates than reported here. It would then be appropriate to explore intra-family labor supply relationships in which health indicators could be endogenized (Pitt and Rosenzweig, 1986 ).
In conclusion, identifying the effects of adult health on adult productivity is a difficult dynamic problem, and our results depend empirically on contestable identifying restrictions. We have greater confidence in our estimates of adult disability effects on wages than those on labor supply. This is because our instruments for adult disability--local health infrastructure and relative food prices--could influence hours worked through other unobserved mechanisms than those associated with observed adult disability. However, our linear (and quadratic) estimates of the wage effects are substantial, ten percent (or more) per predicted day of disability, and relatively precisely estimated. Our estimates of labor supply effects of adult health are less stable and often smaller, and because of the relative weaknesses of our instruments in this case, they may be conservatively discounted.
What would constitute improved instruments for our problem? Longitudinal data on persons and their local environment might permit the estimation of adult health effects on wages using as instruments for individual health changes the changes over time in the relative prices and availability of local food and medical care. Although migrants might experience more marked changes in these health input prices, migration could itself be affected by changes in adult health status, and thus migration would not 1:>e a valid instrument. Because the correlation between local health input price 30 changes and new bouts of disabling adult illness is probably attenuated, a large sample might be needed, and even then the marginal explanatory power of the instruments to explain changes in adult ·health could be sufficiently low as to yield misleading inferences (Bound et al., .1995) . Only in the case of the COte d1voire are segments of our survey samples reinterviewed in the following year, and many of those individually "matched" do not report consistently their age or sex, suggesting matches are imperfect We did not think it would be productive to reestimate our model on less than a third of the cote d1voire sample for which we have two years of data. cote d1voire is already the smaller of our two survey populations. Further research is clearly needed to confidently identify and estimate the value of adult disabilities on the labor productivity and the welfare of poor people. The challenge may be no less important than studies of height and weight as proxies of adult health capital (Fogel, 1991;  Strauss and Thomas, 1995) .
Because infant and childhood death rates are demonstrably high, and the proportion of the population in these young age groups is relatively large, due to high fertility rates, childhood diseases and illnesses have received the greatest attention in African public health initiatives in the last decade. In a continent where women have received a small fraction of the basic education allotted to men, maternal health and female education programs have also begun to receive priority. Adult morbidity and diseases are expected to receive increasing study in the 1990s as health priorities shift (Jamison and Mosley, 1991) .
2 · Some surveys in the U.S. have shown self-evaluations of health status to be significant predictors -of-subsequent mortality while controlling for baseline physical health status [Idler (1991) and Idler and Kasl (1991) ]. Indeed, they were found to be more .reliable than clinical examinations on this account 3 · More specific limitations are related to self-care (e.g., feeding, toilet), mobility, and physical activities (e.g., running, walking, climbing stairs, etc.). But these functional limitation variables have been designed to measure chronic health conditions among the disabled and elderly, and their usefulness to assess acute health conditions as a limitation on engaging in productive work is infrequently mentioned in the literature.
4.
See Schultz and Tansel, 1992 , footnote 5.
·
This measure of illness duration has the property that spells are not always complete, if they are continuing at the date of survey, and they may start before the reference period. These problems of estimating expected duration are not pursued here. See Schultz and Tansel, 1992 .
It is useful to think about health as a dynamic process, which we have abstracted from. There are beneficial persisting effects of improved diet and of mitigation of diseases in childhood, including those experienced during uterine development which can be proxied by height (Tanner, 1981; Waaler, 1984; Martorell and Habicht, 1986; van Wieringen, 1986; Fogel, 1991) . Current nutrition, climate, health environment, medical inputs, and physical activity levels all combine to sustain health given height, and is often proxied by the body-mass-index (BMI). Because we cannot observe input behavior and input prices that would impact distinctly on either early childhood or contemporary adult health outcomes, they are not separated in our analysis. For the majority of the sample, the current residential community is also that in which the individual was born and grew up, and therefore, if the relative cross regional structure of community health conditions and food prices are persistent over ·time,-the current health effects of community variables we observe at the time of the survey may embody the effects of these variables on both early childhood as well as contemporary adult health (Strauss and Thomas, 1995) .
The recent empirical literature on nutrition and productivity fmds positive and significant effects of better nutrition on productivity or wages. Empirical estimation of such relationships involve complex issues, however. Strauss (1986) , Deolalikar (1988) , Sahn and Alderman (1986) , Behrman and Deolalikar (1989) and Haddad and Bouis (1991) suggest that nutrition related indicators might be important in determining productivity of the individuals. For a given state of healthiness those with greater calorie intakes or better anthropometric indicators are more productive or receive higher wages. Strauss shows the positive effect of calorie availability on family agricultural productivity. Sahn and Alderman do the same in a wage equation for Sri Lanka where average calorie intake is instrumented by food prices, household composition and household assets. Deolalikar uses weight for height in addition to the calorie intake as explanatory variables in the wage equation. He fmds a significant coefficient of weight for height but not calorie intake, and concludes that medium-run effects of better nutrition are important while short-run effects are insignificant Findings of Haddad and Bouis in Southern Philippines are consistent with this conclusion. In their study higher agricultural wages appear to result from greater height (which is a cumulative measure of good nutrition and absence of infection in early childhood) rather than.from short run.(calorie intake) or medium run (weight for height) proxies of nutritional status.
s.
The effect of health on labor supply includes several conceptually distinct components. First, increases in an individual's wage rate due to better health, according to equation (5), elicits an incomecompensated own-wage response, which should theoretically increase the labor supply. Second, the wage gain is associated with an income effect that is weighted by hours worked, which would decrease labor supply, if nonwork activities such as leisure are a normal good. Third, improved health may . increase the capacity to engage in work, perhaps by reducing the disutility associated with work relative to nonwork activities. The first and third effects of improved health would increase labor supply, whereas the second effect would decrease labor supply in proportion to hours of work and thus be more negative for full-time wage workers than for part-time workers. The direct association between health and labor supply, and hence on earnings, is thus an understatement of the productive benefits of health, because it ignores the value of the probable income-induced increase in nonwork activities.
It is possible that local relative food and health prices could also influence labor supply which would imply we could not identify the labor supply parameters. Relying only on health infrastructure (prices) for identification did not fundamentally change the estimates. See also discussion of the potential use of longitudinal data in the conclusion of the paper.
Suppose the effect of wealth on labor supply is negative, as would be expected if time not working for wages is a normal good whose demand increases with wealth, V, then the incomeuncompensated wage effect is algebraically smaller in absolute value than the appropriate incomecompensated wage effect In this case, the labor supply and earnings effects of health are downward biased measures of the potential productivity.
•
This could occur if the skills and training for workers in wage employment were more specific to their jobs than in the case of workers in family or self-employment Wage workers would then be less readily substituted for each other without sacrificing output in firms than would workers in family enterprises. Firms would then have an added incentive to hire persons who are less likely to be unable to work because of illness, over and above the incentives that families also confront to employ healthy ·· workers and thus to raise the health stock· of their own family members. If this hypothesis is correct, there should be an increased motivation to invest in health capital as the workforce acquires more specific training and the share of wage and salary workers in the economy increases.
Cause-specific death rates for childhood diseases are not estimated reliably at the national level, but undoubtedly include malaria, measles, diarrhea, tetanus and pertussis. They have been assessed with more precision in limited study areas, such as in the Danfa project (Newmann et al., 1991) . Analysis of health surveys also suggest that measles remains a major source of child mortality, and one that child immunization programs can reduce substantially, even in a malnourished population (Clemens et al., 1988) . 13 · Timaeus (1993) reports that the average level of adult mortality in sub-Saharan Africa is high compared to the rest of the world and slightly higher for men than for women. In Cote d1voire the survivorship from age 15 to 60 is .65 for men and .74 for women while in Ghana the same survivorship probabilities are somewhat higher .78 for men and .88 for women 14 · The community questionnaire employed in these surveys asks about the time required to reach a number of medical care providers. Regrettably, these are crude measures of ace~ and price of health .. services, and they tend to be highly correlated, reducing their value as multiple predictors of health status. To incorporate more extensive information on the quality, diversity and price of medical services in the local community, the LSMS respondents may be linked to another survey of health facilities conducted in Cote d 'Ivoire in 1988 and in Ghana in 1989 , but the sample is reduced by onethird in Cote d'Ivoire and by almost three-fifths in Ghana (Schultz and Tansel, 1992) .
15 · Parent characteristics were also considered in previous work as a determinant of child nutrition . and health status (e.g., Behrman and Wolfe, 1987; Schultz, 1994) , and were therefore tentatively excluded from the wages and hours equations as an additional basis for identification, without changing the results substantially (Schultz and Tansel, 1992) . See also footnote 9.
16 · The probability of migration from rural to urban areas in low-income countries is higher for the more educated. A major fraction of the private market returns to education is associated with the outmigration of those who obtain schooling in low-income regions of their country (Schultz, 1988) . Holding constant for region of current residence tends, therefore, to understate the effect of education on wages, by removing the gains achieved by the educated through interregional migration. To the extent that health investments, also yield complementary returns through migration, the estimates reported in this paper of the returns to health on wages are lower-bound estimates, because they control for region and hence interregional migration. The lower levels of disability noted earlier in urban areas (Tables 1 and 2 ), even within an educational level, may reflect both selectively attracting to urban areas healthier individuals, as well as the greater private resources and public subsidies for health care in urban areas. Similarly, Behrman and Birdsall (1983) find in Brazil that social rates of return to school quality are larger than those to school quantity suggesting that part of the high returns of migrants may be due to better school quality at destination.
·
Wages are expressed in terms of prices prevailing in the first month of the Ghana survey, i.e., September 1987 (Glewwe, 1987) , and in terms of average prices for all of 1985 in Cote d'Ivoire (Ainsworth and Munoz, 1986) . A monthly price index was not available for Cote d1voire, but since the rate of inflation was less than 10 percent per year from 1984 to 1988, the annual rate of inflation was assumed to be uniform over the twelve months from June of one year to July of the next 18 · Three other specifications were considered to describe this potentially nonlinear relationship between disabled days and productivity. First, the occurrence of any disabling illness in the last four weeks might adequately summarize adult health. Under this hypothesis, a probit equation was fit to this binary outcome (Cf. figure 1) , and' the predicted probability of being thus disabled was included in the productivity functions. This specification explained· less of the variance in productivity than the linear model summarized in Table 4 . Second, a logistic transformation for the fraction of days disabled in the reference period was estimated. This specification produced essentially the same results at sample means as the linear model. Third, because disabled days is constrained to be nonnegative and the majority of adults report zero, a left censored Tobit model was estimated for disabled days. Because there was little evidence from prior analysis that sample selection bias was serious, sample selection correction was not done. Instrumental variable estimates of the wage, hours, and earnings equations were obtained using the prediction of disabled days from the Tobit of disabled days. These estimates based on the wage earner sample were similar whether the linear model (Table  4 , panel 2) or the Tobit specification is assumed. Details of these estimations are in Schultz and Tansel (1992) based on a prior model specification. We appreciate the suggestions of referees to further evaluate this potential nonlinearity in our model that led to the quadratic specification reported here.
19
· ·Nelson and Startz (1990), Bound et al. (1995) and Staiger and Stock (1994) show that weakly correlated instruments can lead to biased and inconsistent coefficient estimates and misleading inferences. In the estimates presented in this paper finite sample bias and inconsistency are unlikely to be problems since the instruments explain a significant portion of the variation in disabled days in both countries.
·
Because the selection-corrected model is nonlinear in parameters, the log wage and log hours parameters on a specific variable do not need to add up to that variable's parameter in the log earnings equation.
i.
The estimates for women wage earners in both countries are unrevealing, with some small signs of reduced wages and hours among women in COte d1voire who are more likely to experience morbidity (Schultz and Tansel, 1992) .
·
The LSMS questionnaires could also to clarify what economic penalty people incur to be "inactive" because of their illness, how individual daily wage rates compare to community standards, how the qualities and quantities of health care vary across communities, and how the government's objectives and regulations affect the placement of community health care facilities. km.
(13.3) (12.9) (6.10) (11.0) (10.9) (6.83) • The motivation for breaking down education into three categories in Table 4 is as follows. Primary schools provide six years of education and middle schools take four years is both countries. Post middle schooling consists of three years of high school, and then tertiary levels of education in Cote d'Ivoire. In Ghana post middle schooling consists of five years of high school, two years of sixth form, and then tertiary levels of education. A major educational reform introduced in 1989 in Ghana reduced the seventeen years of pre-university education down to twelve years. Although primary level enrollment · ratios are about the same in· both countries, the secondary level enrollment ratios are substantially higher· in Ghana than in 
